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WfflW 

HI^— frf- VrATPase 

5 

& lOOMm SST^D, T>f ^n-r^^^yv^VfcSKrrSKitt, ^E—^— 
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(3R, 3* R) - (P, P) -trans-1, 1' , 2. 2" , 3, 3' , 4, 4* -octahydro-3, 3' -dime thy 1-4, 4* -b 
ipheanthrydiene (Nature 401:152-155, 1999) £ Triptycyl (4)helicene (Nature 
5 401:150-152, 1999) jWO&ftTV**. «r#tt, ite*-K»= S)£-&£ifc/ut?£ 

t&'VgZo 2 0©3fcf^£SIMItt'ffcKJE'r 1 1M ^;P^TL, 1 #1*1© 

15 ^£LT©^ifrl$fo^£^LT^3o 

fgs&E— (Microbiol. 6:1-18, 1967, Nature 245:380-382, 1973), ATP -o 
J&BP^ (Nature 386:299-302, 1997), (Biochem. Biopbys. Res. 

Com 199:1057-1063, 1994, Curr. Opin. Cell Biol. 7: 89-93, 1995), W> 
20 ^WSz—$— (Cell 42:39-50, 1985), mm^0mm<DMm^>/^M (Nature 
409: 113-119, 2001) *©£#3^?fc*I&nTV>S. 

& ATP ©^^LTV^. ATP^dtB* (F^-ATP ^fiJo»3!l) EtfH^SKl 
25 50 ^^^s.^^jm^^^^m^TabO, M^tC^^Ef § F 0 

fc#fiEfSF,aJ^5»:a. F 0 TOlS^nh> (H + ) ^3EISTSfeJ&tc:St) 

ii^oT^o, F,«»ictt atp ^^/jnTK^Hit-sMiiiaMa^So f,^ 
v>%=f-mm 38 ^Tfe o , w&raw^u r**© atp f,» 
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5 h^bTV^o a^Axy M3a 3 /3 3 U >^©H-tK*&U ATP iH*# 

a,bjC H2 t^O, c U-^xiy brm©+T?U>^ttK:ISail' (c U>£0» 
^UTV^.IfeoT^FoFrATP F^^fcF.fiU^i^ r e-c U>^ 

2> 0 FiaS^tt, ATP <&j&m\Z\tt<DrV73-~y b# F 0 Mj&> 5 

2 wi©h;v^5s^s«&««^^K:«fcoT, atp ^j»R«*^wa*r b;v^ 

25 la^^^^^m^^FoFrATP^^m^t^©^^^*^^^ 
U *mttUSLTV>S (#0 2002-148232 : mmu 2002 5 H 22 5)o ft 
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(Nature Materials 1:173-177, 2002)o 

10 >f©ii^KSfcoTH mfe^-^— -Dx%&<%m 
•zitzzzifim&nx^z. 

zwmmfe. nm<Dwm^mm-^>rctb(Dmmhvx, v 0 v,-ATPase © v,s&# 

20 A U-^n-; b 3 fi, B i^^ny h 3 m. D i^^n.--/ h l m*^ 

tsi^wefeoT, atp ^T^m^ii&t-^^t&^tt-siHi^- 

^— ^V r ATPase SrfigrrS- 

il©fg93<D V r ATPase HU jBd»S5ffi© A y h£^, AtB l^a— 

y h«3£SfcSB#IU FoFj-ATPase <D a 3 j3 3 ©£"5 IdAM^CDR^^'TS'fo 

^fgHJl©©^-^-^ V,-ATPase i»fKH£4H t T?»* ^i$-^0l 
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mtVT&V), ^<DW&\zM$8M Thermus thermophilus &&<Dft z ?'X*&2>Z£ 
$ z>\z Z (Dftmm Thermus thermophilus Etj^©©^— ft=P V r ATPase 

5 CD#U H 1 C 0©$? * UVv&ilt l/T 

$ £> \ZZ.(Dmm<DM^-^~~^ Vl-ATPase E5fl#-^ 3 fcfcWS* 232 
10 #S Ser2U£®AlaA£^®W& 235 #a Thr^S© Ser^S^Og 

£©Bfc^Snfc V,-ATPase ftM8tin?fe« A It^^y h - 

j^cfco MgADP fiftmsn. atp jn*^Sfigtt3Wt3i*r*- -rfrfr-sMEM 

V-ATPase VS. MgADP EfFlCioTlinfefeWJ^nsMlRlKl&S^MgADP EfttfiB 
15 ^nfc^MVf-ATPasete, 3&>P«kV:»|IPISg»j£^-ro 

£fc$S>fc:. JKBSggfCDiaJg^— ^ VATPase fi, Ai^^— >y h*5£ 
r^B^rL-^ b©4>&< ^j^^teiassnTV^BfcgMa^T?** 

20 Z (DmWvmfc^— 9—9t=? V,-ATPase fcfciifc, D b fcS? a -f > h 

5 \z3$tf2>n 48 #g Glu SS^titfc Cys 43,£tf!g 55 #B Gin 
SSIbfe Cys m&<D'J>f3i< Cys ^gt£S?3-f > hWSMtt^S 

$ kfcte AD-^y h^<fc^B^3L- y h^tt^^rT© Cys 
25 #Cys «SKl1fiiftSnTV^C:fc«-en-?n»*bViffi«i:UT^a. 

-T&fc)^ ^©^©HI^^E— VrATPase te, &HM4>X^£$J©3*;V 
(OT, UVV-A, ^;v^ IBM. ttS/NBU 
T&Vgi (ttK) ATPase (V 0 V,-ATPase) ©. V,S&# a^anyh3& B 
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V 0 V r ATPase © V,IB# (V,-ATPase) 3milCT»jT3££kfc£<&£ttW&^o 
5 fc„ Ccd^od V r ATPase AIJ-^— y h 3®fcJ:tKB -y-^rL-y b 3fifc 

V 0 V r ATPase © D ^o.- y>fc F it^n^ h 1 M&W&V 

T^ZOfl, £©5£9i© V r ATPase te£© F it^n.-^ b^-^Ufe^f 
10 "TSo c©fSW© V r ATPase ttiH^WfWT?»:<. ffifB© 9 ©#@^ 

^#^^^-rs„ ffifE© Nature Materials 1:173-177, 2002 

M;Lte^ fce^I^i&ilW^ft^W&flffii Sambrook and Maniatis, in 
Molecular Cloning-A Laboratory Manual, Cold Spring Harbor Laboratory 
Press, New York, 1989; Ausubel, F. M. etal., Current Protocols in Molecular 
Biology, John Wiley & Sons, New York, N.Y, 1995 ^©fB^£##fc"r&;i£ 
20 )0^f5. 

ilH V r ATPase ©@JEf»©*fcffl&wb&4li*BT?a*. ^cSHailtfK^I*] 

25 i2H D *fc»F1J'^3.ny h©H^>fc£iSfSUfctfxX^>:/ny h 
^«f©^T?2fe^o (I/— > 1-4) fi CBB ftffl (U—> 5-8) « alkaline 
phosphatase-streptavidine n h^-&T&3, W > 1 * <£tf 5 « D 

U-^a-y b^H^>^$nfe VrATPase, 2 $5<ktf 6 Utt'FXkZ 
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tltc f V7=L-y b&m-o Y r ATPase, U-> 3 £ £tf 7 tetfrt^teSftW 
V r ATPase, U-> 4 8 fei^S^-^-^&S. 

5 5. Ali 4mM ATP> 0. 5 mM sodium azide #4TT© If— XOIUfeTfeS- B-D » 
sodium azide ##ffiTr, B tt 4 mM ATP, C tt 0. 5 mM ATP. D 0. 2 mM ATP « 
© If— XHflE® *S**TT& * o 
H4S, F'U-yjLny McH3tbfelf-XIiIfe©fiWaEfl:*, 4 mM ATP ^S&<f 

10 

d©589!©ia«^-^-^? V,-ATPase WU #TO«**R£'l&#2&&t-S 
V 0 V r ATPase CD (V-ATPase) V r ATPase £n—rrs^U* 

^U^H (DNAI$rtf\ ENA^fito & £ U < tt cDNA 0f Jt. rv r ATPase^U 

T#£„ ~?f3Lt>% V 0 V r ATPase FT^U^I/^F (cDNA ®rtf*) ©SB 
#1 & m <D 5 s — ^ — 7 (H^tf GenBank ^ — ^ ^ — x : URL: 
http://www.ncbi.nlmnih.gov^) iC^^T^^^tlT^O, £*l£©E?tI 
fil^^fafflUfe^n-^/W^uy-rif— >a >^ PCR &fc:J:oT£E#£> 
20 cDNA ^ ^ U Zm^z.W&T* Z. 

^-LT, VATPase #U * * H £&&©®^X#l$#?£T?f§gt£ 

^s^^m-a-^VrATPase &i&#-r§ m*.^ RNA^ 

U ;* 9— V r ATPase -$V7t7 Vtt F £ 

tok ErtEffi*5rr-5 Y r ATPase ^-f > I: h DT?4It 5 ^ t^ff 5. RNA^U 

T7, T3, SP6 I^EWIt^^o cn&OKNA 
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3}*U*^— ifr/D^E— 9— fr$t$1&&— tVXU, pKAK pCDM8, pT3/T7 18. 
PT7/3 19> pBluescript V r ATPase ^U^^^5=- 

5 V r ATPase &±mM, te^m^OWMMM^. M$mM. v$%W)mMM. 

10 ^li^iiiii^ c©#iUBSi#£#*Tnwu *o«***6@»o 

V r ATPase ^^t^ItS^ims. *M«JB3§^^-£LTteu 
pUCm, pBluescript IL pET^^X^A, pGEX^SIS'X^A&^^T^ 

hUfc*fM!^£Bl8© VrATPase $HP£#§;i£:an?^5. 
^-tbm pKAL PCDM8, pSVK3. pMSG, pSVL, pBK-CMV, pBK-RSV, EBV^ 
^-,pRS,pYES2^^M^-e#SoXMJ3^t LTH fc hJfcjefflWHIIfiBEK293* 
lf;H»BMffllfi C0S7, g=-^-f 3L~XAA^^-5PmiBJa CHO &<H©i«?LI&^i§*lffl 

£1*£:Vl-ATPase &mM%HmtZ>fztf>\zfe, 4^»©^MWif^*lft»^*>*Tff "5 

25 c. itftws. m*fc£©a^*#M«fi^K£*&s* je#*«LS, 
nsft, *&^**ii£K8u a«f, i^si, y;waea, sds-page, 
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Z. CD H (Dftmomfere—f-fr? V r ATPase teu .XlUftftf CDfi^ £ , 

Mm&ftTX&ZZ.Zitfft&.V^o tot, 65t:m±T?^Wi~S Thermus 

Methanococcus Sulf olobus mm<Dm^&3fc<D Yl-ATPase Vtt r* & 

Thermus thermophi lus &3feCQ V-ATPase U H 31 

ft £UV\, Thermus thermophilus E&5feco V r ATPase #U 5? # i^^- 1* 
#^ 1 fc^Lfc^SSH^ISWUT^S. ZL<D Thermus thermophilus fi5fcco 
V r ATPase OW^ZrVHr^Y^ S3^J#-^2 <DT5 /MIM^&S^U^:^ 
10 F (F^3.-^b), ia^l#^3CD^iJ^:/^K (A^OL-yh), @a^i#-^ 

JL-y hfrZ-fcZMSfc) £3— FUTV*5o feT, @B^I#-^1 © 334-4196 nt 

B ^=L~v V 3 D *3r7=L~y Y 1 5 &3 WMk Vl-ATPase £ 
15 #§21 £#n?#£o j£fcIB3Wt 1 © 1-4196 nt @B?«£f£§i£i*3 21 tici;oT. 
D-y-yn-y hf-Fit^o.-^ b l<H<£^UfeB^ Vl-ATPase 

JlOD^BjcoiHl^-^— ^VrATPase CDS e>fc:B!lCD$F £UV^ilk^ @H#I# 
-St 3 ic&tt^fg 232 #S Ser 2ISCD Ala ^S^cDg^ 33<fctff§ 235 #g Thr ^ 
20 SCO Ser3^g^CDgmcD4>&< £ £>K:$F3;U< \ZZ.nt>V>W&(DW5 

^-rz&mMfr? (£cf, M^rcoemswt-^^^ ttssa^#j £ia«rr 

§ilt^fe§)^S 0 f Jfrb^, *«I&CD V-ATPase £^&^T. thermophilus 
m<DMm&&<D V r ATPase UMMVfmmfcVf^ V*bi$S MgADP IfKioT 
S^^^r-rstV^MlSl^bT^D (J Biol Chem273, 20504-20510, 1998), 

Tmmfflo^&mtvtcm^ mibcdtssa^#^\ atp ttmwhvxmz. 
t^s i mm% atp ^^wm^^> z. t^rnvtco 
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ZCDrnmoMU^—P—ftT V r ATPase <DZ 5fc*fcB!l©#3:bV>tB«HU A 

His ?tf& Ni-NTA X^-T FlOfcS'&-r*?ft* (Nature 386:299-302, 
1997 ; FEBS Letters 470:244-248, 2000) £ £#*T€5o 

10 SIOBhJodIhI^-^-^ V r ATPase D it^o.- y Hc^sK > h 

hgBfcTj V-ATPase Jc33W£ D -frr/a^iy b©HI^»^©^ (M*. 

< > hMSffioW t ©I^ffi t tt^ttfe < , V-ATPase ©H!fg£f!irr& 

(Nature 386:299-302, 1997) f0WWI^?Jfflt5 £<i:#n?#S 0 ^bt, 
y&SB#I£^bfc Thermus theraophilus £l5fe V r ATPase <£> D J fr7=L~y Mdte 

cys 3^##&b&v^i&,^fr#cys cys mm\zmmt2»&mtf&z>o 
^z.^zKDZtmitZM&m^ 5 ic^t §m 48 #@ giu ^s^s&bfc cys 

33 .fctfm 55 #g Gin BS^S^bfc Cys SSO^^ < £ fc— # (£?£ b < teM 
25 OCys^fc^3-r>h^#^^UWS^i<£S : *LV^^-r§o 3; 
fc, Dlj-^rL->y hSJtff*© CysBS (A^-yn.-^ h©-&tr9f®, Bl^^ny h 
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F WrL-y hfci|g"&£ii-5 m.£E#i#^2(z> 
r^JMlz&tfZW, 28 #@ Ser 43«fctf/£fcte£l 35 #@ Ser Cys BSfc 
5 gmu JLtiSoCys^Sfc^a-f >h«*T*tl^S«tiH!J:V». 

&33> «HE©#£M: V,-ATPase feiu V r ATPase #U**V'*^l*fcSW , *iJr 
£©75/m^£3— F"T£HJ:/Wb£, 5a-f->3>'^ Mf£ 
ffiffl-TS^S, ^^AM©PCR^ tf'J^l'^F'&jaa* (M*-fe£, Nucleic 
Acid Res. 25:3440-3444, 1997 ^F) fc«fcoTWfcU £©g£S^U p^V^ 

15 i. Jtm^s 

1-1. 37>7^^K®lim 

T. thermophilus HB8 E&3fc V-ATPase © A, D, F (D^^—y h£:n— F 
T5DNA@B#I£ lac^n^-^— OTTtefiaibWS^^S KpUCVl 
TJ^MfeilU^M^BL21-CodoiiPlus-RP(Stragene) £JBWr V r ATPase £f§ 
20 SESIirfc. fc*5, A, B, D, F 0#t^*; h^n- FT* DNAE#IfcfiKT© 

I : V r ATPase (A-His8-tags/ACys/A-S232A/A-T235S/D-E48C/D-Q55C) 

(1) Atfe*; hODN^CHis^S^ (A-His8-tags) 

(2) AfeitKB+l-^—^ hO^T© Cys^^Ser^tceil (ACys) 
25 (3) A^rL--/hoom 232#BSer^AlaiC«g| (A-S232A) 

(4) A V"7=L-y h©fg 235 #@ Thr Ser £fl£& (A-T235S) 

(5) D U-^ny h©fg 48 #@ Glu ifi Cys £B& (D-E48C) 

(6) D h<D& 55 #B Gin ** Cys £tt& (D-Q55C) 
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II :Y,-ATPase (A-His8-tags/ACys/A-S232A/A-T235S/F-S28C/F-S35C) 

(1) A-fr^ny h©N«K:His (A-His8-tags) 

(2) A^i^B^yn-n-/ hO^TOCys^^Ser^SJCSm (ACys) 
5 (3) Ait^O-n^ hom 232 #@ Ser aO* Ala (A-S232A) 

(4) kV~7ZL-y h<Dm 235 #S Thr ifl Ser (A-T235S) 

(7) F b<DB 28 #S Ser *t Cys {Cfi^ (S28C) 

(8) F i^^rL- y h©fg 35 #B Ser # Cys £B& (S35C) 
7&R&gltt!l&&« 0. 3MNaCl 20mM imidazole/HCI (pH8. 0) fcJKmU 65^ 

10 T? 30 ^Ml=£bfct, &te:rafcJtfc*>/^R*RMr, Ni 2+ -aff inity 
column (Amersham) \zmVX 0. 3M NaCl *^tf 0. 5M imidazole/HCI (pH8. 0) Tigffi 
Ufc. (YIVA-Spin, VIVA science) U RESOURCE Q column 

fci&bfco V r ATPase Superdex 200 column (Amersham) n 

>3>tTV^^>;^I^tfc. »«Sn&V,-AIPase £2^: 

15 31 HI (D 6-tN' -[2-(N-maleimido) ethyl] -N-piperazinylamido] hexyl 
D-hiotinamide (biotin-PEAC 5 -malaimide, Dojindo) THtfMbbfe. 25*C^ 
15#Fs1^>3r:x^— ^3>L£:^ 37>A°i7K£PD- 10 Column (Amersham) Sd 
mh, &Rj&ttM&m*fto D F U-^ny 

streptavidin-alkalinephosphatase conjugate (Amersham) SrJBV^T, I )IX3'> 

20 ^DyT^>mD«Bt& (S2)„ 

i-2. mfcmm 

5/zl ©7n-t;i/$, 2tfc©#/t— xUy^ (50nm JP©X^— ^^E) 
^SftsjsftUfc. JS^^X^®«Ni 2t -nitrilotriaceticacidTa-hU tf3" 
^Mbbfc V-ATPase(0. 1-1 *iM) (50mM Tris-HCl, pH8. 0, lOOmM KC1, 

25 5mMMgCl 2 , and 0. 5*(w/v) BSA^&fe* A^T7n- fe;McffiAU His ^ 
^^^Xfc^$-&T V r ATPase £@}£b;fc 0 

0. 135 (w/v) © Stereptavidin 3 — h L tf — X ( <p =0. 56 Mm, Bangs 
Laboratories inc. )mm&yu-W\zffiftU *»-&lf-Xe«s^l^*UT, 
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biotin-streptavidine^tCkoTD^fc^F^OLny Mclf-XS^bfe. 

Vj-ATPase frf-OMffitZ. ffifeMMO ATP 4> (0. 2mg/ml creatine kinase t 
2. 5mM creatine phosphate ATP S^v-X^A*) H-XOHPlgSrBJ^^ 
5 il (-1X70, Olympus, <IW 1000) ^ffflUTliUfe. SfcHIfe©^^ CCD # 
;*^Tlf5^fe^bfco &*5, ^©V r ATPase©ia^m^v'X-xA^ F,-ATPase 
©HPigv'X^A (Proc Natl Acad Sci U S A 98, 13649-54, 2001) tmWVft 
So TtSit>%, mfcfe D F *3r73-~y V £&r£-bfct:-XlC£ D , 

M-a-^nfe^T^^nrc (02). 

10 l-3.-eo^<DT-/ir-r 

UV SU^fc^oTffofeo ATP J0tK^^#^ pyruvate 
kinase £ lactate dehydrogenase t^y^'J >^$12:fcNADHM'fbte:<£ O$05£ 

b&o 

2. *§m 
15 2-1. HP|fc<Dfig| 

V r ATPase (A-His8-tags/ A Cys/A-S232A/A-T235S/ D-E48C/D-Q55C) ^ 
V r ATPase a-His8-tags/ACys/A-S232A/A-T235S/F-S28C/F-S35C) ©2^0fS 
^ic^ViTHIfe^^b^:. 2^icd»H IMC<fc-5& Michaelis Menten 9 
-fX(D Kinetics £j^b, Km=0. 3-0. 5mM, Vmax (turnover rate) =~10sec-l 

20 tco z.nz<D%cmn. m±m<D fof,-atp ^mmmiimnm^-oTc a Bioi cnem 

273, 20504-1014, 1998) . 
2-2. Di^^— h<£>HPig 

ATP ^tsmmm^yu-±MzmX^^m^\z, V,-ATPase ©D1tyrL-y 
bfC^b^clf-XOIlI^m^^nfc (03A-3D)o — -ZHD7U— 
25 5-10 {@©IUfetf-X^m^$tlfCo • 

F r ATPase ©m^^t^ic:, 
fcSfWEO^&^fco ATP ^S^M^pfT^ :/^>3SIS£<DES'J© 
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(Azide) W: F,-ATPase © ATPase iSH£%>HrtEfciMi"S:&* (Nature 386, 
299-302, 1997). V r ATPase ©ATPase S&fciffi^bW&V* 21 fcj9t»6nw* 
(J Biol Chem 265, 21946-50, 1990) o gSfcVf-AIPase ©EPigfcO^Tfctmi 
5 T!&tK 75? r 5 (Azide) « 4mM ATP (H3A, B) 0. lmM ATP #STT0 

V,-ATPase ©|§I&fcjg#£#;5Lfc:#ofco 

4mM ATP #&TT©¥i3IelS2&te:> $J2. 6 rps (revolutions per sec : HJ|gf& 
/#) KTti&'oL 1 mM ATP #fiET*T?©¥^ia<KR»» 2. 4 rps 

ltufeic 3 $h^© atp fiwm-£ftz>*:Ui£m& msssm^ nfrzvwmK 
io $m&m (~io atps (D^^m/m fr*>w&^n%> m m^^mmm\^< 

-tUTV^, 0. 5mMATP-eCT^lHl^ic«l?l2. 2 rps tfiTlt^S (H 
30. 

2-3. F-y-^OLny h©0<B 
F y b fcfg^bfc H— XlEpfgfctiglS tlfeo 4 mM ATP «a£©*#T?tt, 

15 1 ~ 3 M©tafeH— X^^n^c (®4) = m£%$l'bftte.5Lft J BtWQ~£%>-o 
feo HP&&%HU HQ 2. 5 rps Tab 0, b©|g*SjajSe£ITOan?&o 
&. 

jH^±©fiJfflpT«g'& 

20 ^_kf¥U<l£93L;fc£:fe9, ^©tblS©^fC<i:oT> Sr^HHte^E— ^— # 
^£UT©V -ATPase tftittSn*, ^©IlHte^E— 5H=- V r ATPase © 
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1. V 0 V r ATPase<&V,g&#£4gJ&-r£ Ait^-y h 3m.W73.-y h 3fi, 
D ttJLZLy h lM^^-r^^^^HPTSoT, ATP #&TTIIIi|fcM(rr3£ 

5 £: tir % m^-^-^ V,-ATPase„ 

2 . mm&%m-r zmm i ©hhs^e-^-^ v-ATPase„ 

3. ftf&m Thermus thermophilus ft^Tab^if^ 2 ©0^— 
VATPase. 

4. AiJ-^rL--/ M£*BHSi-&@B#I#-^3 O^U^y^H 3i, B^^-/ h 

5 CDtf U ^79- H 1 M^WTSm^^afe 3 ©HPf^-*-^ 
V r ATPase« 

5 . S3^!I#^ 3 \Z&tf%>m 232 #g Ser m&<D Ala BS^ODgm, 33<fctfffl 235 
15 ^V r ATPase 0 

6. a u-r/any h^j;^ b i^-yrL-^ h©^< ttmm±tzmm-z 

tlT^&mUm 1 s0» 6 5 ©^Tn**©®^-*-^ V r ATPase. 

Bfcfc® 6 (0®^-^-^f V r ATPase 0 
20 8. D ityrL-y hfc^a-f > (D^tl 
&<Dm&E—*—fr¥- V-ATPase. 

9 . SB5U## 5 fc&WSfg 48 #@ Glu ^S^Smbfe Cys ^S, 33J:tf!fl 55 
#@ Gin 3gg£S&U& Cys < t. Cys m-OhffiU 

W3§»:£]® 8 CDHrtg^E— ^— fr? V-ATPaseo 
25 1 0 . A V^ZL-y h43<fctf B h fccfetf 3£T<D Cys m&m Cys 

^SJcmm$nTV^|»^ 9 ©UrtB^-^-^? V r ATPase. 
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65 70 75 80 

gag gcc ttc cag ggg cac gac gtg gaa ggc tac atg egg gag ctg gtg 288 
Glu Ala Phe Gin Gly His Asp Val Glu Gly Tyr Met Arg Glu Leu Yal 

85 90 95 

agg aag acc ate ggc ttt gac ate aag ctg tagaatggag ggacg atg ate 339 
Arg Lys Thr He Gly Phe Asp He Lys Leu Met He 

100 105 
caa ggg gtg ate cag aag ate gcg ggc ccg gcg gtg ate gcc aag ggc 387 
Gin Gly Val He Gin Lys He Ala Gly Pro Ala Val He Ala Lys Gly 

110 115 120 

atg etc ggg gcc cgc atg tac gac ate tgc aag gtg ggc gaa gag ggc 435 
Met Leu Gly Ala Arg Met Tyr Asp He Cys Lys Val Gly Glu Glu Gly 
125 130 135 140 

etc gtg ggc gag ate ate cgc ctg gac ggg gac acg gcc ttc gtc cag 483 
Leu Val Gly Glu lie He Arg Leu Asp Gly Asp Thr Ala Phe Val Gin 

145 150 155 

gtc tac gag gac acc teg ggc eta aag gtg ggg gag ccc gtg gtc tec 531 
Val Tyr Glu Asp Thr Ser Gly Leu Lys Val Gly Glu Pro Val Val Ser 

160 165 170 

acg ggg ctt ccc ttg gcg gtg gag etc ggc ccc ggg atg ctg aac ggc 579 
Thr Gly Leu Pro Leu Ala Val Glu Leu Gly Pro Gly Met Leu Asn Gly 

175 180 185 

ate tac gac ggc ate cag cgc ccc ctg gag cgc ate egg gag aag acg 627 
He Tyr Asp Gly lie Gin Arg Pro Leu Glu Arg lie Arg Glu Lys Thr 

190 195 200 

ggg ate tac ate acc egg ggc gtg gtg gtc cac gcc ctg gac egg gag 675 
Gly He Tyr He Thr Arg Gly Val Val Val His Ala Leu Asp Arg Glu 
205 . 210 215 220 

aag aag tgg gcc tgg acg ccc atg gtc aag ccc ggg gac gag gtg egg 723 
Lys Lys Trp Ala Trp Thr Pro Met Val Lys Pro Gly Asp Glu Val Arg 

225 230 235 

ggg ggt atg gtc ctg ggc acg gtg ccc gag ttc ggc ttc acc cac aag 771 
Gly Gly Met Val Leu Gly Thr Val Pro Glu Phe Gly Phe Thr His Lys 

240 245 250 

ate ctg gta ccc ccg gac gtg egg ggc egg gtc aag gag gtg aag ccc 819 
He Leu Val Pro Pro Asp Val Arg Gly Arg Val Lys Glu Val Lys Pro 

255 260 265 

gcc ggg gag tac acc gtg gag gag ccg gtg gtg gtc etc gag gac ggc 867 
Ala Gly Glu Tyr Thr Val Glu Glu Pro Val Val Val Leu Glu Asp Gly 
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270 275 280 

acc gag etc aag atg tac cac acc tgg ccc gtt cgc egg gcg agg ccc 915 
Thr Glu Leu Lys Met Tyr His Thr Trp Pro Val Arg Arg Ala Arg Pro 
285 290 295 300 

gtg caa agg aag ctt gac ccc aac acc ccc ttc etc acg ggg atg cgc 963 
Val Gin. Arg Lys Leu Asp Pro Asn Thr Pro Phe Leu Thr Gly Met Arg 

305 310 315 

ate ctg gac gtc etc ttc ccc gtg gee atg ggg ggc acc gee gec ate 1011 
He Leu Asp Val Leu Phe Pro Val Ala Met Gly Gly Thr Ala Ala lie 

•320 325 330 

cct ggg ccc ttc ggc age ggc aag acc gtg acc cag cag tec ctg gee 1059 
Pro Gly Pro Phe Gly Ser Gly Lys Thr Val Thr Gin Gin Ser Leu Ala 

335 340 345 

aag tgg tec aac gee gac gtg gtg gtc tac gtg ggc tgc ggg gag egg 1107 
Lys Trp Ser Asn Ala Asp Val Val Val Tyr Val Gly Cys Gly Glu Arg 

350 355 360 

ggg aac gag atg acc gac gtg etc gtg gag ttc ccc gag etc acc gac 1155 
Gly Asn Glu Met Thr Asp Val Leu Val Glu Phe Pro Glu Leu Thr Asp 
365 370 375 380 

ccc aag acg ggg ggg ccc ttg atg cac cgc acc gtc etc ate gee aac 1203 
Pro Lys Thr Gly Gly Pro Leu Met His Arg Thr Val Leu He Ala Asn 

385 390 395 

acc tec aac atg ccc gtg gee gee cgc gag gee age ate tac gtg ggc 1251 
Thr Ser Asn Met Pro Val Ala Ala Arg Glu Ala Ser He Tyr Val Gly 

400 405 410 

gtg acc ate gee gag tac ttc cgc gac cag ggc ttc tec gtg gee etc 1299 
Val Thr lie Ala Glu Tyr Phe Arg Asp Gin Gly Phe Ser Val Ala Leu 

415 420 425 

atg gee gac tec acg age cgc tgg gee gag get ttg cgc gag ate tct 1347 
Met Ala Asp Ser Thr Ser Arg Trp Ala Glu Ala Leu Arg Glu lie Ser 

430 435 440 

age cgc etc gag gag atg ccc gee gag gag ggc tac ccg ccc tac etc 1395 
Ser Arg Leu Glu Glu Met Pro Ala Glu Glu Gly Tyr Pro Pro Tyr Leu 
445 450 455 460 

gee gee agg etc gee gee ttc tac gag egg gcg ggc aag gtc ate acc 1443 
Ala Ala Arg Leu Ala Ala Phe Tyr Glu Arg Ala Gly Lys Val He Thr 

465 470 475 

ctg ggc ggc gag gag ggg gcg gtg acc ate gtg ggg gee gtc tec ccg 1491 
Leu Gly Gly Glu Glu Gly Ala Val Thr He Val Gly Ala Val Ser Pro 
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480 485 490 

ccg ggc ggc gac atg tec gag ccc gtg acc cag tec ace ttg agg ate 1539 
Pro Gly Gly Asp Met Ser Glu Pro Yal Thr Gin Ser Thr Leu Arg lie 

495 500 505 

gtg ggg gee ttc tgg egg ctt gac gee tec ctg gee ttc cgc cgc cac 1587 
Val Gly Ala Phe Trp Arg Leu Asp Ala Ser Leu Ala Phe Arg Arg His 

510 515 520 

ttc ccc gec ate aac tgg aac ggc tec tac age etc ttc acc tec gec 1635 
Phe Pro Ala He Asn Trp Asn Gly Ser Tyr Ser Leu Phe Thr Ser Ala 
525 530 535 540 ■ 

ctt gac ccc tgg tac egg gag aac gtg gec gag gac tac ccc gag etc 1683 
Leu Asp Pro Trp Tyr Arg Glu Asn Val Ala Glu Asp Tyr Pro Glu Leu 

545 550 555 

cgc gac gee ate tec gag ctt ttg cag egg gag gcg ggc etc cag gag 1731 
Arg Asp Ala He Ser Glu Leu Leu Gin Arg Glu Ala Gly Leu Gin Glu 

560 565 570 

ate gtc cag etc gtg ggg ccg gac gec etc cag gac gee gag cgc etc 1779 
He Yal Gin Leu Val Gly Pro Asp Ala Leu Gin Asp Ala Glu Arg Leu 

575 580 585 

gtc att gag gtg ggc egg ate ate cgc gag gac ttc ctg cag cag aac 1827 
Val He Glu Val Gly Arg He He Arg Glu Asp Phe Leu Gin Gin Asn 

590 595 600 

gee tac cac gag gtg gac gee tac tgc tec atg aag aag gee tac ggg 1875 
Ala Tyr His Glu Val Asp Ala Tyr Cys Ser Met Lys Lys Ala Tyr Gly 
605 610 615 620 

ate atg aag atg ate etc gee ttc tac aag gag gcg gag gcg gee ate 1923 
lie Met Lys Met He Leu Ala Phe Tyr Lys Glu Ala Glu Ala Ala He 

625 630 635 

aag egg ggg gtt tec ata gac gag ate ctg cag etc ccc gtt ctg gag 1971 
Lys Arg Gly Val Ser He Asp Glu He Leu Gin Leu Pro Val Leu Glu 

640 645 650 

cgc ate ggc cgc gee cgc tac gtg age gag gag gag ttc ccc gee tac 2019 
Arg He Gly Arg Ala Arg Tyr Val Ser Glu Glu Glu Phe Pro Ala Tyr 

655 660 665 

ttt gag gag gec atg aag gag ate cag ggg gee ttc aag gee ctg gec 2067 
Phe Glu Glu Ala Met Lys Glu lie Gin Gly Ala Phe Lys Ala Leu Ala 

670 675 680 

taaaggggga gag atg gac ctt ctg aag aag gag tac acg ggc ate acc 2116 
Met Asp Leu Leu Lys Lys Glu Tyr Thr Gly He Thr 
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685 690 695 

tac ate teg ggg cct ctt etc ttc gtg gag aac gee aag gac ctg gee 2164 
Tyr lie Ser Gly Pro Leu Leu Phe Val Glu Asn Ala Lys Asp Leu Ala 

700 705 710 

tac ggg gec ate gtg gac ate aag gac ggc acg ggc egg gtc cgc ggc 2212 
Tyr Gly Ala He Val Asp He Lys Asp Gly Thr Gly Arg Val Arg Gly 

715 720 725 

ggc cag gtg att gag gtc tec gag gag tac gee gtc ate cag gtg ttt 2260 
Gly Gin Val He Glu Val Ser Glu Glu Tyr Ala Val He Gin Val Phe 

730 735 740 

gag gaa acc act ggg ctg gac ctg gee acg ace age gtg age ctg gtg 2308 
Glu Glu Thr Thr Gly Leu Asp Leu Ala Thr Thr Ser Val Ser Leu Val 
745 750 755 760 

gag gac gtg gee egg ctt ggg gtc tec aag gag atg ctg ggc cgc cgc 2356 
Glu Asp Val Ala Arg Leu Gly Val Ser Lys Glu Met Leu Gly Arg Arg 

765 770 775 

ttc aac ggc ate ggc aag ccc ata gac ggc ctg ccg ccc ate acc ccg 2404 
Phe Asn Gly lie Gly Lys Pro lie Asp Gly Leu Pro Pro He Thr Pro 

780 785 790 

gag aag egg etc ccc ate acc ggc ctt ccc tta aac ccc gtg gee egg 2452 
Glu Lys Arg Leu Pro He Thr Gly Leu Pro Leu Asn Pro Val Ala Arg 

795 800 805 

agg aag ccg gag cag ttc ate cag acg ggc ate tec acc att gac gtg 2500 
Arg Lys Pro Glu Gin Phe He Gin Thr Gly lie Ser Thr He Asp Val 

810 815 820 

atg aac acc ctg gtc egg ggg cag aag ctt ccc ate ttc tec ggc teg 2548 
Met Asn Thr Leu Val Arg Gly Gin Lys Leu Pro He Phe Ser Gly Ser 
825 830 835 840 

ggg ctt ccc gee aac gag ate gee gec cag ate gec cgc cag gee acg 2596 
Gly Leu Pro Ala Asn Glu He Ala Ala Gin He Ala Arg Gin Ala Thr 

845 850 855' 

gtg cgc ccc gac etc tec ggg gag ggg gag aag gag gag ccc ttc gee 2644 
Val Arg Pro Asp Leu Ser Gly Glu Gly Glu Lys Glu Glu Pro Phe Ala 

860 865 870 

gtg gtc ttc gee gec atg ggg ate acg cag egg gag etc tec tac ttc 2692 
Val Val Phe Ala Ala Met Gly He Thr Gin Arg Glu Leu Ser Tyr Phe 

875 880 885 

ate cag gag ttt gag cgc acc ggg gee ctg age cgc tec gtc etc ttc 2740 
lie Gin Glu Phe Glu Arg Thr Gly Ala Leu Ser Arg Ser Val Leu Phe 
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890 
ctg aac 
Leu Asn 
905 

atg gcc 
Met Ala 

gtc etc 
Val Leu 

gag ate 
Glu He 

ggc tac 
Gly Tyr 
970 
gtg gag 
Val Glu 
985 

ccc gac 
Pro Asp 

acc gag 
Thr Glu 

tac ccg 
Tyr Pro 

ggc gtg 
Gly Val 
1050 
cag etc 
Gin Leu 
1065 
gcc ate 
Ala He 

cag ttc 
Gin Phe 



aag gcg 
Lys Ala 

etc acc 
Leu Thr 

gtc ate 
Val lie 
940 
ggg gcc 
Gly Ala 
955 

atg tac 
Met Tyr 

ggg aag 
Gly Lys 

gac gac 
Asp Asp 

ggg cag 
Gly Gin 
1020 
ccc att 
Pro He 
1035 

ggc aag ggc aag 
Gly Lys Gly Lys 

tac tec gcc tac 
Tyr Ser Ala Tyr 
1070 

ate ggc gag gac 
He Gly Glu Asp 

1085 
gcc gac gcc ttt 
Ala Asp Ala Phe 



gac gac 
Asp Asp 
910 
gtg gcc 
Val Ala 
925 

etc acg 
Leu Thr 

gcc cgc 
Ala Arg 

acc gac 
Thr Asp 

aag ggg 
Lys Gly 
990 
cgc acc 
Arg Thr 
1005 
ate cag 
lie Gin 

gac ccc 
Asp Pro 



895 900 
ccc acc att gag cgc ate etc acc ccc cgc 2788 
Pro Thr He Glu Arg He Leu Thr Pro Arg 
915 920 
gag tac ctg gcc ttt gag cac gac tac cac 2836 
Glu Tyr Leu Ala Phe Glu His Asp Tyr His 

930 935 
gac atg acc aac tac tgc gag gcc ttg egg 2884 
Asp Met Thr Asn Tyr Cys Glu Ala Leu Arg 

945 950 
gag gag ate ccg ggc cgc cgc ggt tac ccc 2932 
Glu Glu lie Pro Gly Arg Arg Gly Tyr Pro 

960 965 
ctg gcc acc ate tac gag cgc gcc ggg gtg 2980 
Leu Ala Thr He Tyr Glu Arg Ala Gly Val 
975 980 
age gtg acc cag ate ccc ate etc tec atg 3028 
Ser Val Thr Gin He Pro He Leu Ser Met 
995 1000 
cac ccc ate ccc gac etc acg ggc tac ate 3076 
His Pro lie Pro Asp Leu Thr Gly Tyr lie 

1010 1015 
etc tec egg gag etc cac cgc aag ggc ate 3124 
Leu Ser Arg Glu Leu His Arg Lys Gly lie 

1025 1030 
ttg ccc tec etc tec egg etc atg aac aac 3172 
Leu Pro Ser Leu Ser Arg Leu Met Asn Asn 

1040 1045 
acc egg gag gac cac aag cag gtc tec gac 3220 
Thr Arg Glu Asp His Lys Gin Val Ser Asp 
1055 1060 
gcc aac ggg gtg gac ate egg aag etc gtg 3268 
Ala Asn Gly Val Asp He Arg Lys Leu Val 
1075 1080 
gcc etc acg gag aac gac cgc cgt tac etc 3316 
Ala Leu Thr Glu Asn Asp Arg Arg Tyr Leu 

1090 1095 
gaa egg ttc ttc ate aac cag ggg cag cag 3364 
Glu Arg Phe Phe He Asn Gin Gly Gin Gin 
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1100 1105 1110 

aac cgc tec att gag gag age ctg cag ate gee tgg gee etc etc tec 3412 
Asn Arg Ser He Glu Glu Ser Leu Gin He Ala Trp Ala Leu Leu Ser 

1115 1120 1125 

atg ctg ccc cag ggc gag etc aag cgc ate tec aag gac cac ate ggc 3460 
Met Leu Pro Gin Gly Glu Leu Lys Arg He Ser Lys Asp His He Gly 

1130 1135 1140 

aag tac tac ggc cag aag ctg gag gag ate tgg ggc gcg ccc cag gec 3508 
Lys Tyr Tyr Gly Gin Lys Leu Glu Glu lie Trp Gly Ala Pro Gin Ala 
1145 1150 1155 1160 

ctg gac taagggaggg tag atg age cag gtg age ccc ace egg atg aac 3557 
Leu Asp Met Ser Gin Val Ser Pro Thr Arg Met Asn 

1165 1170 
ctt ctg cag agg egg ggg cag etc cgc ctg gcg cag aag ggg gtg gac 3605 
Leu Leu Gin Arg Arg Gly Gin Leu Arg Leu Ala Gin Lys Gly Val Asp 

1175 1180 1185 

etc etc aag aag aag egg gac gee ctg gtg gee gag ttc ttc ggc ctg 3653 
Leu Leu Lys Lys Lys Arg Asp Ala Leu Val Ala Glu Phe Phe Gly Leu 

1190 1195 1200 

gtg egg gag gee atg gag gee agg aag gee ctg gac cag gcg gee aag 3701 
Val Arg Glu Ala Met Glu Ala Arg Lys Ala Leu Asp Gin Ala Ala Lys 
1205 1210 1215 1220 

gag gee tac gee gee etc etc ctg gee cag gec ttt gac ggg ccg gag 3749 
Glu Ala Tyr Ala Ala Leu Leu Leu Ala Gin Ala Phe Asp Gly Pro Glu 

1225 1230 1235 

gtg gtg gcg ggg gcg gee ctt ggg gtc ccg ccc etc gag ggg gtg gag 3797 
Val Val Ala Gly Ala Ala Leu Gly Val Pro Pro Leu Glu Gly Val Glu . 

1240 1245 1250 

gcg gag gtg gag aac gtc tgg ggg age aag gtg ccg agg etc aag gee 3845 
Ala Glu Val Glu Asn Val Trp Gly Ser Lys Val Pro Arg Leu Lys Ala 

1255 1260 1265 

ace ttc ccc gac ggg gee etc ctt tec ccg gtg ggg ace ccg gee tac 3893 
Thr Phe Pro Asp Gly Ala Leu Leu Ser Pro Val Gly Thr Pro Ala Tyr 

1270 1275 1280 

ace etc gag gee age egg gec ttc cgc cgc tac gee gag gee ctg ate 3941 
Thr Leu Glu Ala Ser Arg Ala Phe Arg Arg Tyr Ala Glu Ala Leu He 
1285 1290 1295 1300 

egg gtg gee aac ace gag ace cgc. ctg aag aag ate ggg gag gag ate 3989 
Arg Val Ala Asn Thr Glu Thr Arg Leu Lys Lys lie Gly Glu Glu He 
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1305 1310 1315 

aag aag acc acg egg egg gtg aac gee ctg gag cag gtg gtg ate ccg 4037 
Lys Lys Thr Thr Arg Arg Val Asn Ala Leu Glu Gin Val Val lie Pro 

1320 1325 1330 

ggg ate cgc gee cag ate cgc ttc ate cag cag gtc ctg gag cag egg 4085 
Gly lie Arg Ala Gin He Arg Phe He Gin Gin Val Leu Glu Gin Arg 

1335 1340 1345 

gaa egg gag gac acc ttc cgc etc aag cgc ate aag ggc aag att gag 4133 
Glu Arg Glu Asp Thr Phe Arg Leu Lys Arg lie Lys Gly Lys lie Glu 

1350 1355 1360 

gec egg gag gec gag gag gag ggc ggc egg ccc aac ccg cag gtg gag 4181 
Ala Arg Glu Ala Glu Glu Glu Gly Gly Arg Pro Asn Pro Gin Val Glu 
1365 1370 1375 1380 

ate ggg gcg ggc ctt taa . 4199 
lie Gly Ala Gly Leu 
1385 

<210> 2 
<211> 106 
<212> PRT 

<213> Thermus thermophilus 
<400> 2 
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35 
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50 






55 


60 
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Gly 


Arg 


Asp Leu Pro 


Val Leu Leu Pro He Ala Gly Leu Lys 


65 






70 


75 80 


Glu Ala 


Phe 


Gin 


Gly His Asp 


Val Glu Gly Tyr Met Arg Glu Leu Val 








85 


90 95 
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100 
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<210> 3 











<211> 578 
<212> PRT 

<213> Thermus thermophilus 
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<400> 3 

Met He Gin Gly Val He Gin Lys He Ala Gly Pro Ala Val He Ala 

15 10 15 

Lys Gly Met Leu Gly Ala Arg Met Tyr Asp He Cys Lys Val Gly Glu 

20 25 30 

Glu Gly Leu Val Gly Glu He He Arg Leu Asp Gly Asp Thr Ala Phe 

35 40 45 

Val Gin Val Tyr Glu Asp Thr Ser Gly Leu Lys Val Gly Glu Pro Val 

50 55 60 

Val Ser Thr- Gly Leu Pro Leu Ala Val Glu Leu Gly Pro Gly Met Leu 1 
65 70 75 80 

Asn Gly He Tyr Asp Gly He Gin Arg Pro Leu Glu Arg He Arg Glu 

85 90 95 

Lys Thr Gly He Tyr He Thr Arg Gly Val Val Val His Ala Leu Asp 

100 105 110 ' 

Arg Glu Lys Lys Trp Ala Trp Thr Pro Met Val Lys Pro Gly Asp Glu 

115 120 125 

Val Arg Gly Gly Met Val Leu Gly Thr Val Pro Glu Phe Gly Phe Thr 

130 135 140 

His Lys lie Leu Val Pro Pro Asp Val Arg Gly Arg Val Lys Glu Val 
145 150 155 160 

Lys Pro Ala Gly Glu Tyr Thr Val Glu Glu Pro Val Val Val Leu Glu 

165 170 175 

Asp Gly Thr Glu Leu Lys Met Tyr His Thr Trp Pro Val Arg Arg Ala 

180 185 190 

Arg Pro Val Gin Arg Lys Leu Asp Pro Asn Thr Pro Phe Leu Thr Gly 

195 200 205 

Met Arg He Leu Asp Val Leu Phe Pro Val Ala Met Gly Gly Thr Ala 

210 215 220 

Ala He Pro Gly Pro Phe Gly Ser Gly Lys Thr Val Thr Gin Gin Ser 
225 230 235 240 

Leu Ala Lys Trp Ser Asn Ala Asp Val Val Val Tyr Val Gly Cys Gly 

245 250 255 

Glu Arg Gly Asn Glu Met Thr Asp Val Leu Val Glu Phe Pro Glu Leu 

260 265 270 

Thr Asp Pro Lys Thr Gly Gly Pro Leu Met His Arg Thr Val Leu He 

275 280 285 

Ala Asn Thr Ser Asn Met Pro Val Ala Ala Arg Glu Ala Ser He Tyr 
290 295 300 



WO 2004/046350 



PCT/JP2003/012982 



10/13 

Val Gly Val Thr He Ala Glu Tyr Phe Arg Asp Gin Gly Phe Ser Val 
305 310 315 320 

Ala Leu Met Ala Asp Ser Thr Ser Arg Trp Ala Glu Ala Leu Arg Glu 

325 330 335 

He Ser Ser Arg Leu Glu Glu Met Pro Ala Glu Glu Gly Tyr Pro Pro 

340 345 350 

Tyr Leu Ala Ala Arg Leu Ala Ala Phe Tyr Glu Arg Ala Gly Lys Val 

355 360 365 

He Thr Leu Gly Gly Glu Glu Gly Ala Val Thr He Val Gly Ala Val 

370 375 380 

Ser Pro Pro Gly Gly Asp Met Ser Glu Pro Val Thr Glu Ser Thr Leu 
385 390 395 400 

Arg He Val Gly Ala Phe Trp Arg Leu Asp Ala Ser Leu Ala Phe Arg 

405 410 415 

Arg His Phe Pro Ala He Asn Trp Asn Gly Ser Tyr Ser Leu Phe Thr 

420 425 430 

Ser Ala Leu Asp Pro Trp Tyr Arg Glu Asn Val Ala Glu Asp Tyr Pro 

435 440 445 

Glu Leu Arg Asp Ala He Ser Glu Leu Leu Gin Arg Glu Ala Gly Leu 

450 455 460 

Gin Glu He Val Gin Leu Val Gly Pro Asp Ala Leu Gin Asp Ala Glu 
465 470 475 480 

Arg Leu Val He Glu Val Gly Arg He He Arg Glu Asp Phe Leu Gin 

485 490 495 

Gin Asn Ala Tyr His Glu Val Asp Ala Tyr Cys Ser Met Lys Lys Ala 

500 505 510 

Tyr Gly He Met Lys Met He Leu Ala Phe Tyr Lys Glu Ala Glu Ala 

515 520 525 

Ala He Lys Arg Gly Val Ser lie Asp Glu He Leu Gin Leu Pro Val 

530 535 540 

Leu Glu Arg He Gly Arg Ala Arg Tyr Val Ser Glu Glu Glu Phe Pro 
545 550 555 560 

Ala Tyr Phe Glu Glu Ala Met Lys Glu He Gin Gly Ala Phe Lys Ala 
565 570 575 

Leu Ala 
<210> 4 
<211> 478 
<212> PRT 

<213> Thermus thermophilus 
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<400> 4 

Met Asp Leu Leu Lys Lys Glu Tyr Thr Gly lie Thr Tyr lie Ser Gly 

15 10 15 

Pro Leu Leu Phe Val Glu Asn Ala Lys Asp Leu Ala Tyr Gly Ala He 

20 25 30 

Val Asp He Lys Asp Gly Thr Gly Arg Val Arg Gly Gly Gin Val He 

35 40 45 

Glu Val Ser Glu Glu Tyr Ala Val He Gin Val Phe Glu Glu Thr Thr 

50 55 60 

Gly Leu Asp Leu Ala Thr Thr Ser Val Ser Leu Val Glu Asp Val Ala 
65 70 75 80 

Arg Leu Gly Val Ser Lys Glu Met Leu Gly Arg Arg Phe Asn Gly He 

85 90 95 

Gly Lys Pro lie Asp Gly Leu Pro Pro lie Thr Pro Glu Lys Arg Leu 

100 105 110 

Pro He Thr Gly Leu Pro Leu Asn Pro Val Ala Arg Arg Lys Pro Glu 

115 120 125 

Gin Phe lie Gin Thr Gly He Ser Thr He Asp Val Met Asn Thr Leu 

130 135 140 

Val Arg Gly Gin Lys Leu Pro He Phe Ser Gly Ser Gly Leu Pro Ala 
145 150 155 160 

Asn Glu He Ala Ala Gin He Ala Arg Gin Ala Thr Val Arg Pro Asp 

165 170 175 

Leu Ser Gly Glu Gly Glu Lys Glu Glu Pro Phe Ala Val Val Phe Ala 

180 185 190 

Ala Met Gly He Thr Gin Arg Glu Leu Ser Tyr Phe lie Gin Glu Phe 

195 200 205 

Glu Arg Thr Gly Ala Leu Ser Arg Ser Val Leu Phe Leu Asn Lys Ala 

210 215 220 

Asp Asp Pro Thr He Glu Arg He Leu Thr Pro Arg Met Ala Leu Thr 
225 230 235 240 

Val Ala Glu Tyr Leu Ala Phe Glu His Asp Tyr His Val Leu Val lie 

245 250 255 

Leu Thr Asp Met Thr Asn Tyr Cys Glu Ala Leu Arg Glu He Gly Ala 

260 265 270 

Ala Arg Glu Glu He Pro Gly Arg Arg Gly Tyr Pro Gly Tyr Met Tyr 

275 280 285 

Thr Asp Leu Ala Thr He Tyr Glu Arg Ala Gly Val Val Glu Gly Lys 
290 295 300 
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Lys Gly Ser Val Tar Gin He Pro He Leu Ser Met Pro Asp Asp Asp 
305 310 315 320 

Arg Thr His Pro lie Pro Asp Leu Thr Gly Tyr He Thr Glu Gly Gin 

325 330 335 

He Gin Leu Ser Arg Glu Leu His Arg Lys Gly He Tyr Pro Pro lie 

340 345 350 

Asp Pro Leu Pro Ser Leu Ser Arg Leu Met Asn Asn Gly Val Gly Lys 

355 360 365 

Gly Lys Thr Arg Glu Asp His Lys Gin Val Ser Asp Gin Leu Tyr Ser 

370 375 380 

Ala Tyr Ala Asn Gly Val Asp He Arg Lys Leu Val Ala He He Gly 
385 390 395 400 

Glu Asp Ala Leu Thr Glu Asn Asp Arg Arg Tyr Leu Gin Phe Ala Asp 

405 410 415 

Ala Phe Glu Arg Phe Phe He Asn Gin Gly Gin Gin Asn Arg Ser lie 

420 425 430 

Glu Glu Ser Leu Gin He Ala Trp Ala Leu Leu Ser Met Leu Pro Gin 

435 440 445 

Gly Glu Leu Lys Arg He Ser Lys Asp His He Gly Lys Tyr Tyr Gly 

450 455 460 

Gin Lys Leu Glu Glu lie Trp Gly Ala Pro Gin Ala Leu Asp 
465 470 475 

<210> 5 
<211> 223 
<212> PRT 

<213> Thermus thermophilus 
<400> 5 

Met Ser Gin Val Ser Pro Thr Arg Met Asn Leu Leu Gin Arg Arg Gly 

15 10 15 

Gin Leu Arg Leu Ala Gin Lys Gly Val Asp Leu Leu Lys Lys Lys Arg 

20 25 30 

Asp Ala Leu Val Ala Glu Phe Phe Gly Leu Val Arg Glu Ala Met Glu 

35 40 45 

Ala Arg Lys Ala Leu Asp Gin Ala Ala Lys Glu Ala Tyr Ala Ala Leu 

50 55 60 

Leu Leu Ala Gin Ala Phe Asp Gly Pro Glu Val Val Ala Gly Ala Ala 
65 70 75 80 

Leu Gly Val Pro Pro Leu Glu Gly Val Glu Ala Glu Val Glu Asn Val 

85 90 95 
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